possible that reed warblers are able to assess their risk by observing nearby cuckoos (or their perches). An alternative is that there are genetic differences between mobbers and non-mobbers, which sort into high and low risk areas, respectively. Although it might be unlikely for such differentiation to manifest itself on the small spatial scale observed by Welbergen and Davies [1] , recent studies have shown that birds can demonstrate genetically based 'personalities' (for example [11] ), which leaves sorting open as a possibility.
Welbergen and Davies [1] make the interesting suggestion that such a fine-tuned and effective front line of anti-parasitism defense has led to the remarkable resemblance of cuckoo plumage to that of sparrowhawks ( Figure 1 ), which are dangerous predators of adult reed warblers and other small birds [1, 12] . Previous studies have shown that reed warblers are relatively wary of mobbing sparrowhawks (Accipiter nisus) [13] , but readily mob cuckoos, whereas some species that are not susceptible to cuckoo parasitism do not mob either species [12] . Taken together, these results suggest a co-evolutionary arms race in which cuckoos have evolved a plumage that mimics that of sparrowhawks to capitalise on the reluctance of small birds to mob sparrowhawks while, at the same time, susceptible host species have co-evolved the ability to more finely discriminate between cuckoos and sparrowhawks to avoid parasitism [1] . Under this hypothesis, the uncanny similarity between cuckoos and sparrowhawks and the special ability of reed warblers to distinguish between these two disparate threats is a result of this ongoing battle between the two species.
The potential existence of two co-evolutionary arms races in this system raises a number of issues for future research in this and other related systems. First, the two co-evolutionary arenas -mobbing and egg rejection -are interrelated because successful mobbing reduces the importance of foreign egg rejection. To evaluate the dynamics of these arms races, future research should determine if species or individuals that mob cuckoos more strongly have a reduced ability to recognize cuckoo eggs, potentially through reduced exposure to cuckoo eggs in their own nests [14] . Second, the observation that reed warblers breeding in low risk areas are less likely to mob cuckoos suggests that the costs associated with mobbing -mistakenly mobbing sparrowhawks or attracting nest predators -result in the reduction or loss of such defensive behaviors when the threat of cuckoos diminishes. This result could be extended to explore whether other host species vary in their propensity to mob based either on their susceptibility or how long they've been exposed to cuckoos, as has been suggested for egg rejection [4, 14] .
Welbergen and Davies [1] have shown that species susceptible to cuckoo parasitism use multiple strategies to avoid raising a cuckoo chick. Although the co-evolutionary implications of egg rejection have been established, the authors' recent studies suggest that mobbing has resulted in a second co-evolutionary struggle between the two species that has potentially led both to cuckoos' resemblance to sparrowhawks and reed warblers' ability to distinguish between these disparate threats. Their results suggest a greater complexity in battles between tricksters and their hosts than has previously been realized and open up the opportunity for future investigations of simultaneous co-evolutionary arms races. Like humans facing all too prevalent spam emails, the battle continues for reed warblers and their enemies. Gut Immunity: A NOD to the Commensals The gut microbiota play critical roles in intestinal function, but the mechanisms involved remain obscure. Recent studies suggest that commensal bacteria promote immune homeostasis via the innate immune receptor Nod1.
Grace Y. Chen 1,2 and Gabriel Nú ñ ez 2, 3 We are surrounded by a multitude of bacteria, and our survival hinges in part on our immunity against them and the availability of antibiotics. However, while there is a growing fear of the expansion of antibiotic-resistant bacteria, there is also emerging recognition that microbes are necessary for our healthful existence. Microbes not only exist around us, but live within us, most prominently within our gut, in which it is estimated that there are at least 10 14 bacteria, consisting of 500-1,000 species, amounting to 10 times the number of cells within the human body, and containing 100 times more genes than the human genome [1, 2] .
The symbiotic relationship between the gut microbiota and host has been well-demonstrated in studies using gnotobiotic and germ-free mice. These studies point to an important role for commensal bacteria in many aspects of intestinal function and development. Commensal bacteria, for example, are critical players in the digestion and absorption of nutrients, particularly indigestible carbohydrates, as well as in the synthesis of essential vitamins and regulation of fat metabolism and storage [3] [4] [5] . Through competition of existing nutrients and intestinal epithelial attachment sites, nonpathogenic commensals additionally protect the host against colonization and invasion by pathogenic microbes. Importantly, the gut microbiota also have significant roles in intestinal epithelial homeostasis, angiogenesis, and the architecture and development of the gut immune system [6] [7] [8] . Given the extent of involvement of the gut microbiota in intestinal function, it is not surprising that they are also implicated in influencing host susceptibility to such diseases as obesity, diabetes, inflammatory bowel disease and cancer [9] [10] [11] [12] .
The physiological importance of the gut microbiota in intestinal development and homeostasis raises the question of how the host 'senses' the myriad of microbial organisms and distinguishes commensal from pathogenic bacteria. Although the answer to this question is still under active investigation, two major classes of receptor have been identified that are integral to the host response to bacteria and comprise a major constituent of the host innate immune system -the Toll-like receptors (TLRs), which are membrane proteins found on the extracellular surface and on endosomes, and the Nod-like receptors (NLRs), which are cytoplasmic proteins [12, 13] . Both classes of receptor, also known as pattern recognition receptors, are involved in the recognition of conserved microbial structural motifs (patterns), such as lipopolysaccharide and peptidoglycan found in the bacterial cell wall. Stimulation of these receptors by their respective microbial agonist results in the activation of downstream inflammatory signalling pathways involving NF-kB, MAP kinase or the inflammasome, ultimately leading to the induction of proinflammatory and anti-microbial molecules required for host defense.
In [6, 10] . Nod2, a member of the NLR family, is a susceptibility disease gene for human inflammatory bowel disease and, in mouse models of chemicallyinduced colitis, the activation of Nod2 signaling by its agonist, muramyl dipeptide, has a protective effect against the development of colonic inflammation [14] .
More recently, another member of the NLR family, Nod1, has been identified as having a critical role in an additional aspect of intestinal homeostasis -the development of gut immunity. There are four major organized lymphoid structures that comprise the gut immune system: the mesenteric lymph nodes; Peyer's patches, located in subserosa throughout the small intestine; cryptopatches, located at the base of intestinal epithelial crypts within both the small and large intestine; and isolated lymphoid follicles (ILFs), also located in both the small intestine and colon. A striking feature of germ-free mice is the poor development of intestinal immune structures, such as the Peyer's patches, and it has been previously demonstrated that microbial colonization, with even a single species of bacteria, was sufficient to correct these defects [7] . However, the role of the gut microbiota in influencing the development of the immune system and the involvement of innate immune receptors in this process remain to be fully elucidated. A recent study by Bouskra et al. [15] has now provided additional insight into these issues and points to a new function for Nod1 in mediating gut immune homeostasis, particularly in the development of the ILFs [15] . Specifically, Bouskra et al. [15] evaluated the number of intestinal lymphoid follicles in mice deficient in members of either the TLR or the NLR family and discovered that formation of ILFs was defective in both the ileum and colon of Nod1-deficient mice, but unaffected in mice deficient in TLR or Nod2 signaling. Nod1 recognizes peptidoglycan fragments containing g-D-glutamylmeso-diaminopimelic acid found in most Gram-negative bacteria and certain Gram-positive bacteria, and it was further demonstrated that stimulation with a Nod1 agonist was sufficient to induce ILF formation. Additionally, a mutant strain of Escherichia coli that shows a reduction in the release of PGN was associated with poor ILF development when compared with wild-type E. coli. Nod1 has previously been demonstrated to be responsive to intestinal luminal bacteria, and these results suggest that commensal bacteria can induce ILF formation through Nod1 signaling [16] . Consistently, Bouskra et al. [15] showed that a cocktail of primarily Gram-negative bacteria, including Bacteroides and E. coli, was capable of inducing ILF formation, although whether these effects of the bacteria are mediated specifically by Nod1 remains to be shown.
Nod1 is expressed ubiquitously in both immune and epithelial cells and, although in vitro data suggest that Nod1 function in macrophages is important in eliciting immune responses against certain bacteria, in vivo data show an equally important role for Nod1 signaling in epithelial cells through the production of antimicrobial peptides [17] . Another important function of Nod1 signaling in nonimmune cells, including epithelial and mesothelial cells, is the production of chemokines [18, 19] . In the case of ILF development, Bouskra et al. [15] demonstrated that Nod1 function was largely important in the epithelial compartment. Specifically, Nod1-deficient intestinal cells showed defective production of the chemokine CCL20, which is important for activation of CCR6, a chemokine receptor required for IFL development [15] .
Deficiencies in innate immune signaling can, in turn, affect the composition of the gut microbiota, as specifically demonstrated in MyD88-deficient mice, which have a distinct gut flora from that of heterozygous littermates [11] . Interestingly, the commensal population in MyD88-deficient mice conferred resistance to the development of diabetes, suggesting that alterations in the gut microbiota as a consequence of innate immune signaling may profoundly impact the health of the host. In Nod1-deficient mice, Bouskra et al. [15] evaluated intestinal bacterial numbers and composition in major commensal groups and found them to be different from those in wild-type mice. By quantifying relative bacterial numbers by quantitative PCR of 16S ribosomal RNA within the intestinal biofilm, they discovered that Nod1-deficient mice not only had approximately 100-fold more total bacteria, but also had different relative amounts of various bacterial groups. These differences were not necessarily a result of ILF deficiency because LTbR-Ig-treated mice, which lack ILFs, did not show a similar profile. An interesting hypothesis is that the microbial community arising from Nod1 deficiency may be partly responsible for defective ILF formation.
Nod1 is therefore a newly identified player in intestinal homeostasis, joining the TLRs and Nod2 as innate immune receptors that also regulate intestinal physiology ( Figure 1) . As demonstrated by Bouskra et al. [15] , Nod1 signaling in the epithelial cell is important for the development of gut lymphoid structures. Recent studies have provided evidence for a role of Nod1 in promoting epithelial barrier function to protect against intestinal injury from chemically-induced colitis [20] . Consequently, Nod1-deficient mice are also prone to inflammation-induced colon tumorigenesis. How Nod1, which is located in the cytoplasm, senses luminal, non-invasive commensals remains to be elucidated, although the intracellular localization of bacteria is apparently not required for Nod1 activation [16] .
Studies evaluating the impact of the gut microflora and innate immune signaling through pattern recognition receptors on intestinal homeostasis and disease pathogenesis are burgeoning. However, a common limitation in characterizing the intestinal function of transgenic mice and comparing it with wild-type mice is the inability to control for the diversity of intestinal bacterial communities amongst different mouse strains. Thus, for example, in the study by Bouskra et al. [15] , differences in ILF formation in the various mouse strains could be attributed to environmental differences in the composition of the gut flora that are independent of the specific gene defect. This complication can be avoided in part by using littermates from identical mothers, which should have similar intestinal microbes. Thus, the findings by Bouskra et al. [15] need to be verified under more controlled studies. However, this becomes realistically more difficult to achieve when comparing mice of many genetic backgrounds. Technological advancements in 16S ribosomal RNA sequencing have certainly allowed us to appreciate the enormous diversity in the composition of the gut microbiome in different mice and may allow us eventually to tease out the functional significance of various bacterial species within the gut. However, it will remain a challenge to translate what is learned from studying the gut flora in laboratory mice to the situation in humans, where environmental influences on the gut microbiota will play an even greater role. Regardless, a thorough understanding of the diversity and physiological significance of the microbial community within us may eventually allow us to manipulate our gut flora, through either probiotics or selective antibiotics, to promote health and prevent disease. Nod1 activation via peptidoglycan fragments released by commensal bacteria results in the production of antimicrobial peptides and chemokines that induce recruitment of immune cells. These functions promote immune homeostasis through the development of isolated lymphoid follicles, probably through the generation of chemokines (e.g. CCL20) and anti-microbial peptides (e.g. mBD3). Nod1 has also been recently shown to promote epithelial barrier function (through mechanisms that remain unclear) and may therefore be important for maintaining epithelial homeostasis. In the absence of Nod1 (right shaded region), the gut microbiota are both expanded and altered in composition, and the formation of isolated lymphoid follicles is decreased. Moreover, in the presence of epithelial injury, as with chemically-induced colitis, Nod1-deficient mice develop greater intestinal permeability, which can then allow bacterial translocation, resulting in increased inflammation associated with a higher propensity for tumorigenesis.
Recent work describes the surprising finding that cellular microtubules have islands of GTP-bound tubulin within their lattices, in contrast to the longstanding view that all but the very tips of growing microtubules are made up entirely of GDP-tubulin. These GTP-tubulin islands may act as stop signs or speed bumps, switching a shortening microtubule back into a growing state.
Lynne Cassimeris
Microtubule polymers are far from static; each polymer continually and unpredictably shifts between growing and shortening states (Figure 1 ). This turnover, a process called dynamic instability, allows microtubules to reorganize swiftly in response to cues. Dynamic turnover is critical for a number of cell functions and several anti-cancer drugs halt cells in the midst of division by blocking microtubule dynamics [1] . The most puzzling mechanistic aspects of dynamic instability are the switches between the polymerization and depolymerization states because these are such rare events compared with the addition and removal of thousands or tens of thousands of subunits from a microtubule end before a switch occurs. A recent paper in Science [2] provides surprising evidence that GTP-bound tubulin, the type of tubulin dimer thought to be present only at microtubule ends, is also scattered throughout the microtubule lattice. These lattice GTP-tubulin subunits may function to stimulate rescue when a shortening microtubule stops losing subunits and begins to polymerize again.
The structure of the microtubule tip governs whether the tubulin subunits that form the microtubule polymer will add or subtract from the polymer's end (Figure 1 ). Polymerizing microtubules are typically not blunt-ended tubes, but instead have sheet-like extensions of tubulin protofilaments (Figure 1 ) that eventually close to form a tube. Shortening microtubules look very different -their protofilaments are no longer straight and they lose contact with their neighbors. These shortening protofilaments peel away from the microtubule lattice and soon fall apart into individual tubulin subunits. In cells, individual microtubules shift between these two states every 30 seconds or so, although the switches are stochastic.
So, what governs the structure of the microtubule end and how can it shift from one structure to another? Each tubulin subunit is actually a dimer of two closely related proteins, a-and b-tubulin, which associate head-to-tail along microtubule protofilaments (Figure 1) . The nucleotide status of b-tubulin determines the structure of the microtubule tip [3, 4] . Growing microtubule ends are capped by GTP-tubulin subunits, which form straight protofilaments and maintain contacts between tubulins in neighboring protofilaments. The b-tubulin-bound GTP is hydrolyzed to GDP shortly after addition, meaning that the bulk of the microtubule is composed of GDP-tubulin subunits, which have a bent conformation but are held in the straight form by the cap of GTP-tubulin subunits [3, 4] . Once the cap is lost, either through hydrolysis or dissociation, protofilaments of GDP-tubulin peel apart and depolymerize into subunits (Figure 1 ). Once the dimers depolymerize, the GDP bound to b-tubulin can exchange for GTP in solution to reform GTP-tubulin. Within the microtubule, only those b-tubulin subunits at the very tip can exchange their bound
